In the past several years, the Gracilaria species occurring along the coast of Kyushu Island, south Ise Bay, and other inland seas in Japan has been harvested in large quantities (more than 2000 t dry weight per year) for agar extraction and salad vegetable. In Tosa Bay, this Gracilaria species has been identified as a local type of Gracilaria chorda.1) This taxon is similar to G. chorda in having slender axes and a luxuriant, fasciated branching. However, it differs significantly in the degree of branching, and colour of the main axes.) In addition, no sexual structures have been found on the Tosa Bay material, therefore, definitive spe cies identification has not been possible. The characteris tics of this taxon (Fig. IA) resemble G. lemaneiformis (Ab bott, pers. comm.), reported to be widely distributed from north-ward Chile to British Columbia.31 The Gracilaria spe cies grown in Tosa Bay is considered to be a new member of the Japanese species of Gracilaria.
Plants of the Gracilaria are commonly found in the form of fragmentation throughout the year.) Almost all the collected materials are vegetative, and high algal bio mass has been reported in summer and spring.) This study was conducted to investigate the changing morphology in thallus fragmentation of this new Japanese seaweed and its relation to the distribution of the alga in Tosa Bay, southern Japan.
Materials and Methods
The Gracilaria species was collected randomly, twice a month, in a defined area (140 x 32 m), along the coast of Uranouchi Inlet in Tosa Bay, from May 1991 to October 1992. This alga grows at between 1-3 m depth, and at taches by small holdfast or holdfast-like structures (Fig.  lB) to pebbles , shells and other substrata like mooring ropes, as well as anchoring on sandy-muddy bottoms. 
Results
Changes in surface seawater temperature and salinity in Tosa Bay along the coast of Uranouchi Inlet are shown in Fig. 2 . The lowest seawater temperature was 15•Ž in February, and reached a maximum value of 31•Ž in Au gust. Salinity fluctuated between 23.01 during the rainy sea son (July) and typhoon season (August), and 35.12%o in winter. This Gracilaria species had been rarely found in Tosa Bay and had not been identified at the species level (Orosco, pers. comm.). In this study, undertaken in 1991, the Gracilaria species was found in large quantities along the coast adjacent to the entrance of the inlet. Thereafter in 1992, the distribution increased westward from the en trance to 1.5 km inside the Uranouchi Inlet. However, the seasonal occurrence of the Gracilaria population was mostly in the form of thalli fragments without a holdfast, and free floating forms with no reproductive organs.
The percentage occurrences of the two categories of thalli, collected from January to October 1992, are shown in Table 1 . The A-type thalli reached a maximum value of 25.41% in January but the values gradually decreased from 20% to 2.9% in the following months, and eventu ally no A-type thalli were found from August to October 1992. The proportion of B-type thalli, ranging from 72.5% to 100%, was always greater than that of A-type thalli throughout the observation period.
Morphological variations in length of thalli of this Gracilaria species are shown in Fig. 3 . The lengths of thalli that appeared to be buried with a holdfast (A-type) were longest during May (109•}46 cm) to September 1991 (114 •} 32 cm), and gradually decreased from 65 •} 15 cm in October 1991 to 26•}1 cm in July 1992. The maximum length of A-type thalli (Fig. 3A) was 123 •} 36 cm recorded in July 1991, while the maximum length of B-type thalli (120.5•}23.0 cm) was attained in September (Fig. 3B ). Monthly differences in axis diameter of the A-type thalli (Fig. 4A) showed higher values of 0.8•}0.2 and 1.4•}0.2 mm during the early period of observation (May-July). Thereafter, the diameter decreased and showed little varia tions from 0.5•}0.1 to 0.7•}0.2 mm. Changes in axis di ameter of the B-type thalli (Fig. 4B) were high in May, Au gust, and September (0.7 •}0.1 to 0.8 •}0.2 mm). However, almost none of the plant diameters, ranging from 0.5•}0.1 to 0.6•}0.2 mm, showed significant differences.
Discussion
According to its morphological characteristics, this new Japanese Gracilaria species resembles G. lemaneiformis (Abbott, pers. comm.), which is commonly found in north ern Chile and British Columbia, but has never been report ed in Japanese waters. The occurrence of the new Japanese species of Gracilaria in Tosa Bay may be due to accidental transportation. The alga appears to be well adapted to the local conditions of Japanese waters. However, the seasonal occurrence of the Gracilaria species in Uranouchi Inlet was mostly fragmented, and without a holdfast. The presence of thalli fragments is thought to be a direct effect of unstable weather conditions.5,6) As shown in Table 1 , the percentage of fragmented thalli with a holdfast grad ually decreased. The percentage rapidly decreased in July 1992, the season of heavy rain, strong winds and strong wave action, and eventually this type of thalli was not found from August to October, the typhoon season. From August to October the percentage of fragmented thalli without a holdfast increased, and reached 100% of all the thalli present. Heavy rain, strong winds and wave ac tion cause the thalli to break loose from the substratum, drifting out of the Gracilaria bed and further fragmenting to lose their holdfast.7) The movement of detached drifting plants or fragments by wind or currents extend the disper sal range of a species, as noted by Kain and Norton.7) Fragmentation could also be caused by portions of thallus be coming necrotic after experiencing heating and desiccation during the day (summer), and freezing at night (winter), during low tide in Tosa Bay. This Gracilaria species gener ally has a large thalli and constricted branch bases. Conse quently, they are rather vulnerable to damage from the wind, sun and water movement. Pickering et al.8) reported that the drop in density and length of fertile plants of Gracilaria sordida at Mokomoko inlet, New Zealand, were due to thallus fragmentation and necrosis of thallus. The seasonal biomass of the Gracilaria species in Tosa Bay has been reported to be most abundant in summer and spring, reaching a maximum in July, and decreasing towards autumn and winter.) In this study the thalli of Gracilaria species growing in Tosa Bay also reached their maximum length in summer (July). The plant biomass peak appeared to be caused by increases in plant length, while the loss of algal biomass and decreases in thalli length in autumn and winter may be due to regeneration rates which were not able to compensate for the thallus fragmentation. However, the winter thalli were bushier and more finely branched than other periods. Generally, free-living algae are more productive than those that are attached.9)
Interestingly, the growing pattern of this Gracilaria spe cies in Tosa Bay is similar to the growing pattern in the free floating form of Ulva sp. in Tosa Bay, southern Japan.10) Generally, morphological changes in thallus of many species of Gracilaria appear during sexual and asex ual life history phases. 1, [11] [12] [13] [14] Fragmented thalli have some times been found in Gracilaria bed,8,15) but mostly reproductive organs have been found. The growing pat terns by fragmentation and free-floating forms without reproductive organs at all times of the year are specific characteristics of the Gracilaria species growing in southern Japan that have not been recorded in other spe cies of Gracilaria. 
